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Abstract of JP1 1274644 

PROBLEM TO BE SOLVED: To lower the 
working voltage while preventing deterioration 
of characteristics by providing at least one 
clad layer with a lean impurity region and an 
impurity added layer and anranging the lean 
impurity region on the side close to an active 
layer. 

SOLUTION: A multiple quantum well active 
layer 105 comprises three AIGaAs quantum 
well active layers 120 and two AIGaAs 
quantum barrier layers (barrier layers) 12f 
being grown such that the barrier layer 121 is 
sandwiched by the quantum well active layers 
120. A first optical guide layer 104 is formed 
by growing an Impurity added layer and an 
impurity unadded layer from the n-type first 
clad layer 103 side. A second optical guide 
layer 106 Is formed by growing an impurity 
unadded layer and an impurity added layer 
from the active layer 105 side. This structure 
can reduce working voltage, working current 
and element resistance. 
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^b5©T-li;f^«Ei>^tt;*c-rSo ^:^'(' KB©^ 
^t^*ifii^S^AnbfcJt^ 2 <D^iif.\y-1fm^ii. 

>^mmmm 1 ©4^«ft:ix'-if«?i:i5]«ici!j{-^sffst;^ 

B'N©^Siifi^iS«ScH J: V— t»'!Rf14*^S&'(bb, lti#S?i£ 

[0066] ^3tc:. ^1 ^ KB 1 0 4 ©^M<^^ 
Sn^^©^-vUi'?tJg45 X 1 O'^cm-^tSaU ^ 

2 ^ij^ KB 1 0 6 (D^m^mtammD^'e' 'J 'V'iiKs 
^<b$-e-*:ks©i&f^mffi®^<b45^-r- 04 

^ 2 itejU-i' KB 1 0 6 ©^»6^^in^^©^^ u -V 
jgJK&Sx 1 0"cm-='tHSU ^.l^triJ-f KB 1 0 
4 ©^^^^in«:^©^-V U i?aS«:^<b^-y:fc t §© 
■&#«ffi©lE<bS^-ro 
[0 0 6 7] ^:©S3S.t>*^4*>e)t)A^2.idt3. 

<£^)Sb■rv^So 
[0 0 6 8] mi^:ff^ KB 1 0 4©dp-\'U-^ 
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[0 0 6 9] ^2^:tf>r Kill 0 6®:^r-V';^© 

Stt. m 3 tc^-r i a 4 X 1 0 " c m-^W±Ma9;^t- 

-roTv »2^;tf-i' FSi 0 eo^^ui^mstti . 2 

X 1 O^cm-^WTt^f /SCD*^^* bV*. 
[0 0 7 0] ^:C1-C> 3fc:tf'f 1 0 4. 1 0 6©^M 

></b7:^^u-\'ffiA*s;<A-xtfT*3nssai© 
JP^^ m^iiii OnmJ.:^.T^:H5:^■rs®ASMSbv^o ia 

[0 0 7 1 ] ^$ifif3i^iD««ji:^Mi^*'i>«^ 

izM\^x^<^izmmifi$>^. b*>*>. ^^m^mmmm 

mx-iimiiLmmifim^6^izmti-^(DxmiiLmm^mm 

3 nmlit± 1 0 nmW.T"efeS©*s^(f$ bV>. C1©®H 

[0 0 7 2] (^Ji^^ 2 ) 2 T-ti^ 

S?#pJi©msiJ^*iJ: bfe«?!Ucov^T 

[0 0 7 3] m5timkmm2(D^i^u-ifm^(Dm 

[0 0 7 4] :l©i|£^^—^f^?t±^ n-GaAs» 



(7) #PB¥1 1 -2 7 4 6 44 
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^52 0 l±{Cn-Gao. sino. sP>'^'y7r®2 0 2^ 
n- (Alo. rGao. 3) o.el no.ePUl ^7 5/ FJ12 
03. (Alo.yGao.a) o.el no.sPHl^jtf'f 

2 0 4. >'>F-r#«fi^#^ffitt®2 0 5. (Al 

o.TGao.3) o.el no.6P^2 3fe:*fi' KJ12 0 6St5'J 
>;/i'XF7'r7'2 0 9gp^i:¥a^»i:^&W-rSp- (A 
lo. tG &o. 3) o. B I no. sP^ 2 7 KJi 2 0 7 
JiJgfig^^^•CV^5. p-^2^7>;/ Hil2 0 7©';^^' 
7.h^^y2 0 9a5:^©±{c:ttp-Gao. 5I no. eP^ 
10 ^5/7"«2 0 8*SJi^fiE^i^TV^So ^©Ufi^XF^-f 
yz 0 9©pffi!l<&a»iitrJ;^{Cp-^2^7 5; KS2 

0 7©¥fi^»±fc:n-GaAsS^iiE*fflbCi^)e2 1 0 
*s^ltf>^^TV^5<, ^®±{C:^r^>y7-a2 0 SSTJ^Sifii 
^fflbC:«)S2 1 0©±lCfcfe-pTpS«@2 1 2*^^ 

i^i^ti. a«i2 0 1 ©i|£Si«:)Sfig:gfflts*rffl[io®ttt 

[0 0 7 5] ^©ili^f*:^— tf^^ti. «»J^<SWT®J; 
3 1 bT^^M-r .S) C ilA^T- § So 

[0 0 7 6] n-GaAsa«2 0 l±}rMOC 

20 VDS(CJ;»5. n-Gao.sI no.6P>'^*^'7Ta2 0 
2. n- (A lo. rGao. 3) O B I no. ePH 1 F 
112 0 3 (SJPl. 5A£m) . (Alo. TGao. 3) o. 6 

1 no.sP^23te3!/'f F®2 0 4. y>F-r#«a^ 
#prS!4J12 0 5. (Alo. zGao. 3) o. slnc-ePH 

2 3fc:tf'r FJi2 0 6. p- (Alo. TGao. 3) o. si n 

-Gao.el no.6P=^rwng2 0 8 (JgPO. 3 

m) ^fiKft-fSo 

[0 0 7 7] CCT% #SM?#pS14® 2 0 5(i. 0 
30 6fc^1-J;dC> SeoGao.el no.6Pa?#^jS2 
2 0 (JiJPO. 0 0 8/zm) i:2S© (Alo.eG 
ao.s) o.el no.6P.'t'Ji')12 2 1 (MPO. 00 5 
//m) i: S^Sa^^^S 2 2 0 Tvn* U ■\'J1 2 2 1 SrSt 
tf«taiCJ5g«gf-&fe, ^bT> lgljfc:tf-f F)§2 0 4 
tt. n-^ 1 ^ ^ >v F@ 2 0 3iPI*- f>^|iet;^*DJl (Ji 
ffO. 0 15//m. F— /'^>FSi. ^^i^^ U -^iUS 7 x 
10^'cm-=) i:^M«^^in)i mmO. 0 2/LLm) 
fc&figS^-B-fe. ^2^3tf'f FS2 0 6(±. ?S 

ffiJi 2 0 5<l*^?)^Mi^l^^iDa immO. 0 2um) 
40 ii.^^i^^^iD® (effO. 0 15//in. F->'^>hZ 
n. de-^' U-vmKl X 1 O^^cm-^) i: &J^:g^-a-fc. 
[0 0 7 8] ±S3M0CVDfiSftfF'®f»(®MiaK (igffi 
figSMfi) {i5 0 0°C~7 0 O-CT-fet). cnfcj;?)^ 
rm2 0 4St;^^2^:;*?'f F)i2 0 & X'it^m 

*)©K:^t5. 

[0 07 9] IP*,. FJ120 4{in-^l^ 

^ >.y F® 2 0 3 mif^^^mmmam$.2 3 0 (mm 0 . 
50 oi^tm) t^fnumfprnms-mmz 3 1 mmo. 01 
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5 /dm) ii^m,im^'Pi^M2 3 2 (MJPO . 0 1 xzm) 

>;/ KJl 2 0 7fJ]*^^>^$i6t)®*Dffl^2 4 0 (Jli* 
0. 0 1 /zm) i:^iisfi!^(fKmKliJ^2 4 1 (JiffO. 
0 1 5>um) h^n<^m&ifi^ni&^'P^^2 4 2 (B 
JPO. 0 l//m) t^oT. 

[0 0 8 01 mz. p-m2^5>^yYm2 0 7 RZ^^^' 10 
>>7"J12 0 8S3i.>5=->^5^U p-ll2^-7>y KJi2 0 

>-J^*f^±$-e-r*i5//m(Z)U >yi?;^ h-^'f 7*2 O 9& 

[ 0 0 8 1 ] i^V^•r. MOCVD?£C<t t) U 

7*2 0 9®liS^1-ffl!l*S46ii>tri-5K:n-GaAsS«i 
^fflU.7i«)JB2 1 0 (JgPl. 2/£m) &fi£ft-r5o 

[0 0 8 2] e^tl. fiKSJlStF»S2 0 1 (D^m±iZ 
*'«?pM«@2 1 2:&-0«nM»^2 1 l^m^T^o C 
it?, !f^^©«ffig|«tt'^t^SCJ:D 5 20 

0 0 jurat ttt6fgCD^aiWffi!l®SS®{iR*f^& 5 0 

[0 0 8 3] :i(Di:olzvrm^ti^^mMMm2(D^ 

m2o 4Rx^m2%^^ Ym2 o e ®i^$ij^ti*5a^# 

PS2 2 0®l^$iJ^iHJ;t>:^§<s ^^U-\'ii2 2 1®^ 
X\ mi^iJ^ KM 2 0 4Rxrm2^:»4 h-|12 0 6© 

Aliiffilt (x = o. 3) ^^mm.=f-npm\m 2 0 b 30 

CDS?#^M2 2 OcDAlsatb (x=0) J; 
<, MU-\'Ji2 2 1 ®A lig^ht (x = 0 . 5) J; 

-JBffiMI- 5 c -e # ^ !|t1£3&{b©B§iht ^ 6 
[0 0 8 4] ^6>{c:, :^m!^mQnWii'ibfS^^<OT 

^x. ^mm^'pmm>mw^n< \.xmi^ Ymis^^^ 
[0 0 8 5] ^h^. 'fb-^*#i*;B®«$ij^ei:a«T 

®{£?l^^ 0 ?> ^1 h A^r- 1 ^ » 
[0 0 8 6] *||ffijfj®2®**i*:y— tf^^tC^Ut 
nS®BB2 1 1 i:pS®gi2 1 2i:OF^lc)S:&|plS£ES 5C 
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eliDLfci©-&^ #gjEE?S:R0. 6 5/zm. Pfll«^3 0m 
A, S?iiE-^aj;^;!|*S©^n-7-iai*0. G-W/ARXf: 

ifciil:tf3mW-C-i&f^$-y-fci:#0*?1*tti*> 

3 5mA^ iM^SE2 VffeSo C^^K;Mb■C^ tft-ff^ 

AS 2. 3Vtli:^bs tftiS-i Ym<^±^iz^^'^^^*0 

Ltz^-^izii, mi¥mmii2vx&^ifim.m^(o^is^ 
re-A»-8^siss^©^^-iWtii*ifcfc±5tt^^«^ 

A*T-ti^r^o '©<t5^;^ *:|Bi6JB^2fH:i&f^a 
■r-5.ri:AST-&S. 

[0 0 8 7] immMMs) :^mmmm3X'}ii:. %-)s-( 
< b^ ^M^^&'i>«:^®^J#li*^*«*^?S*nM^<©l^ 

[0 0 8 8] C®i^^^«^*:l'-if*^^I45V^■r. 
-■tf*^^®«3ttt0 5 bfc^BSJi^® 2 t |il«-e$> 

s. 

[0 0 8 9] ^b■r^ *|ISEff^ffi3T-*)ia£fl^^2i:[^ 

mrB^^^<^^mm^x.K>mitfti3-( Ym2 0 4 

RV^m2^:^-( HJ12 0 6-e{±^*«i^^iPJiA^e>^»fi^ 
l^^i^jg'^®^ii*'^^fit!cASie^:^)^ tS14B®3£^®''^> 

F^^" AttEl 7 lc^t"J: -5 *e*)®t^*t2). 

[0 0 9 0] IP*.. ^ 1 ^iS-i FJl 2 0 4 UTi-m 1 ^ 
5 2 0 3{ilA^e.^i^iK)^Jnffl^2 5 0 (SffO . 

0 1 um) ii^m^mmsLmm2 5 1 immo. 0 1 

5/zm) h^m,<^^'J>mm2 5 2 («»0. 0 1//m) 
hfc^A-ns, ^2^fc;tf^' HJi2 0 6{ip-S2 

^ ^ 'i' KJl 2 0 7{PilA^^^*i6<^^ADM:^2 6 0 (gj* 
0. 0 1 /zm) MtlftJMJSffifSJ^ 2 6 1 (BiPO. 
0 1 5 Am) fcTM<^liK#^^f!)*'J>««6 2 6 2 (B 
jpO. Ol//m) Lic-^i^n^a c:®J;dt:4^*f*:B® 

[0 0 9 1] CC-r% *SQfi6Ji^^3-e(i> ^l7fe:tf^b- 
B 2 0 4 ®^P»6i^^iP^:^ 2 5 0 RV^m 2 -f b'B 2 
0 6®^$ie%?Sinffl^2 6 0®Al?l^tb^0. 23Z.{i 
0 . 3 i: b. ^B»^#pSSS 2 0 5 ®«?#pB 2 
2 0®Al?M«lt (x=0) it):*:t<s -'^*';^B2 2 
iCAl^Sit (x = 0. 5) J;?3'>$<lg^-r5. 

E17C?^bfeJ;^^3^1^;!J^ KB2 0 4®^»6 
^^in«:^2 5 0RXJ^m2^1tJ-i KB 2 0 6®^MiKl^ 

mmw, 2 6 0 ©^j^ti$»^#pB 2 2 0 ©?ssij=^*i 

X\):kB<. >''^U^B2 2 I©^$ij^*ii»3/>^<I9!^ 
1-5o ^ 1 KB 2 0 4 (D^n^^'P^n2 

5 2 StFH 2 ^^^-f KB 2 0 6 (D^W^^'P^^ 2 6 2 
©AlSftit (x=0. 5) {±«l3lfi>ff^' KB2 0 4© 

^mmwAmn 250 srj'ii 2 jt^f-r kb 2 0 e ©^»b 
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<^mtimm2 6 0(DAimmit (x = o. z^ito. 

3) i.*)i>:k^ <m&-t?>o E7tc^bitJ:d 
izmiift:»-( He2 0 4©^»e%#'>MJ^2 5 2^ky?» 
23fc;!/'f HJi 2 0 6 <D^maf^'J>^'^2 6 2 ®f^J^® 
§^ 1 KS 2 6 4 ©^Mi^^jQ^J^ 2 5 0 IBLVFrn 

Z%-)J-^ KM 2 0 6 ®^M^^iD«J^2 6 0 ©^^J^B 

Mi^i^jn^^® A 1 m.^B]f^mmMm2 i u ? e> tc/jN 

[0 0 9 2] C CT-v 'i>'B: < h ^^W^miimnz 5 

0. 2 6 0 (Dmm^mi^m^^pm 220 comM^m^ 

^>:k§<. U 2 2 1. O^^J^tiJ; 5 /J>^ < 

^^■cv^n{^<t<, ^$«tiffF^?iS®«52 5 u 2 s 1© 

2 5 2x 2 6 2 i;|l]D^$iJ^*iK:bTt)<t<s ElStCgn 
-r «t ^ t 'PSfii^^in^^S 250. 260i:ra Dfl*iJ^*i 

[0 0 9 3] j^. Jif3IIJ£Jg®225itJ^3T-S'xbfcAlG 
a I n P mtinX'ltA 1 G a A s JRWJl^tCllt'^T^ilsei^ 

*5^£t!tb^v^^^*4-^fes©T^ ^,w'ii®SD?i^*^e.«i4 

[009 4] immm 4 ) ;*i:|U(gfl5« 4 X'ti^^y-f 
:t- ^•^^^:*^B^SMfflbfc^J{3-:^V^Ti^^B^■r?.o 
[0 0 9 5] ia9{i^Sii?i5^4©#^fli:U— tf^i^©»f 

[0 0 9 6] ^KDM^mi^-u-'ffm^ti:. -^yT-fTmm. 

3 0 l±K:GaN>'t>y7TJ13 0 2RVn-Ga.lJ^l 
^ 7 HJl 3 0 3 . y > K— fi^#P ( S Q W : 
Single Quantum We 1 1) SttS 3 0 
5. Alo.2Gao.8N^2i'7«;' KM3 0 5SVP-G 
aN3>^i7 bJ13 0 6As««BJ5K^nTV^i.o n-» 
1^57^«> b-®3 0 3. fS't4«3 0 4. ^2^'5'>y KJi3 
0 5SV:3>^^ bS3 0 etin-m i'^y h'jiS 0 
3&-gBStti$#fe^1*-:^ h^-f 7*3 1 3 fcJiJjEK^nT 

-^-bT. n-^1 KJS3 0 3©gmgB±f3 

{in^»Bi3 2 OASfl^fig^n. Ml 3 0 6 ±(c 

{4pM®13 2 

[0 0 9 7] C©^^^*:^— tr^^tt. «?iJif.«JeAT©J: 
a bTf^SI- i. C h *^T- 1 2. o 

[0 0 9 8] *-r. D-7T-(TmL3 0 1±K:M0CV 
D^Ci?) GaN/^>j;7TS3 0 2 (®ffO. 05^ 
m) . n-GaN^ 1 KJi3 0 3 (JlJP3>t/m. 

K->'^>hSi. :3r^'J-VajS5 X 1 0^°cm-=') . y 
>H-7'#-ffl^#pfSttJ13 0 4. Alo.aGao.sN 
^2i'7'y KJi3 0 5SVp-GaNn>^'^ bJ13 0 
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6 mmo. 2//m. K-y^VhMg. =^r^ U -^'iiS 5 
X 1 O'^cm-') ^m^-t^o 

[0 09 9] Z CIT-. #-fi^^#PrSi4)i 3 0 5 (i. # 
Ji©Gao.aIno.8Pa^#pJg (iiiPO. 0 0 3// 

m) ^bT. ^2^7>i' KJ13 0 5tt. 

S«ii3 0 4{B!l*e.^«ifii^l^^SilDM («;P0 . O 3>tz 

m) t^n<^mtum (mmo. oijum, K-/-?>Myi 

g, ^vU-V'jftKS X 1 0"cm-=) t^figS^-^fco 
[0 10 0] ±g3MOCVD^ft4'©l^®MJag (J^li 
10 fiXSMfi) tt9 0 0*C~1 1 0 0°CT-^?). cntcit) 
^2i7^>;/h-a305 ftt^Mi^^iiDSA^ 

mm^<D^mmiiiiWLifim:i t). ?fH4JS3 o 4«sA>e,:^*6 
m^'pmms 10 mmo. oi/zm) t^sjfiiij'^ras 
ir^M3 1 1 immo. 0 4um) .ii^$iii^miiamm3 

12 («jPO. 0 5/zin) hid^i^nS. tJfe^T. ^ 
fijg©i|g^dtS*® K: J; o -C^««iKi«S!iD««« i: ^ 

[0 10 1]-^©^. mmvznm^cDi'i^T.h^:^^^ 

20 Ji^figbt K^'f ai>y5^>^{cj;t)^-9-;:^ h^'f 73 1 3 

bjl3 0 6±tC#^nSfl:M3 2 OSUfpS««g 
3 2 ISrJK^-rs. 

[0 10 2] :i©<t5{CbTf#5>ixS*IIJSJB^4©^ 

^J; D *.il£f[^a*s;»;§v^©-C. pS^^ «y KJSiBJ©^ 
(Mg) ©S't4Ji^©l£i5:$^i^!^*'J>IS^T-MfflI 

©^ii««ii^i!>^«j©jp^ ssfjffli-r 5:e jfr-^s©*®^!: 

[0 10 3] *^?15iS4©^^y'f2l— KSfS^fcMb 
TnSm«i3 2 0i:pS«fii3 2 1 i:OMlc>B7J|pItiffi 

«rEpibPb;tJ©^. fg^lSftO. 4 5/^m. 1W^«M5 0 
mA. Ii<tmff4. 5VASf#e,nfc. bA^t). ®S(f© 

^bSo ciOctatr. *jis(g?B^4fttS&<'^«ffSti;^ 

T -5 c i: < ^ ©5±-r S c h #1: § i. o 

[0 1 0 4] )5;*5. *SISSff^^lc^bfcI nGaN^tt 
mx-it. Al GaAs^«J|s^^AlGa I nP^*t3|s4© 
J«:g®R 6 0 0 •C~ 7 0 0 'CtCJt'^TfiKftSSAJ 10 0 
0*C± 1 0 0''Ci:lgv^fc^^>^c^M^K)^£t!coS-&v^i»s:;*;t 

V^o J;o-C> F)iA^5>«tt)i'N©^i&e!^tSfc«:® 

50 
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[0 10 5] (.mmm5) :$immmm5x-ti:. pm^ 

iWiKl*'J>«^ ^ Kft fe^aj tec V ^ T IJiB^-r S o 

[0 1 0 6] ^1 oitmimm5<D^mii-i'-ifm'f<D 
[0 10 7] ^KD^mw-i'—^m^it. ^y-r^-rmw. 

4 0 l±{c:GaN-'t>;'7 7jl4 0 2Rl^GaNmi^^ 
^> m 4' 0 3\ y > K - 7-^-fl:^WPMW»'4=-0 4 , 
Alo. sGao. 8N^2^^^y KB4 0 5Sytp-GaN 

•7'i'Ke4 0 3, TSffiJ14 0 4. ^Z^^^y b-«4 0 5 
StJt=i VcJ' 1? h Jg 4 0 6 {iSIl ^ V KB 4 0 3 ^-gp 
StH^-B-fc^-y-:^ h^-f 7*4 1 3lCJKfi£^nTV>?,o ^ 
bT. ^l^^^y K«4 0 3©StB^±C{inS«114 
2 0*5}^JgK^^^^ 3>^^ h»4 0 6±Jc{ipMm®4 
2 1*SJ|^J^$^^TV^2). 

[0 10 8] c(D^m#-i^-ifm^it. m^i£&r?<^^ 

[0 10 9] 1t77^'7'a«4 0 l±tMOCV 

D?SK:J;t)GaN7l<;/7rJg4 0 2 (SffO. 05>t£ 20 
m) . GaNl|1^7v>y KB4 0 3. y>K-7-^-a 
^#pS14jf4 0 4. A lo.2Gao.8N||2<!7^^; HJi 

4 0 5&tJ'p-GaN3>^i' hJ14 0 6 (JiiPO. 2 

/zm, K— >'^>Myig. ^^^ui^aas X 1 o"c 

[0 110] CCTn #-S^#PrS14J14 0 5ii, * 
JgCDGao.2lno.sPS^#PJl (SJPO. 0 0 3^ 
m) -eUT, 111 0 3{i. 

tS'tiW 4 0 4mif^^mm^mmm (.mm o. osu 
m) h^m.mmnm mmz. Qium, H-^t>bs so 

i. dr^U-V'jfteSx 1 0^°cm-=) h^m^^^fzo 
^bT. ^2^v>y K)14 0 5{±, ?S't4jl4 0 40J1>{P?> 
^$i6«^#^iaH (aJPO. 0 5/im) fc^Siifi^SJDJl 
(BJPO. 0 5/im, K-^t>hMg. :3f-^' Ui'meS 
X 1 0 " c m-') i: 

[0 111] ±MMoc vDm.M'^(DmmM^s. 
msiaK) {i 9 0 0 ■'c~ 1 1 0 o-c-c-fe d . cnic i \) 

^l^^>yKS403 T-{i^»6tl®iDJiipe.^*6'gJ#i^ 
*nJi'vCD^$i|5«^J£«CASjg^ 4 0 4«flA»6.^*6 

<^#'J>ffi:^4 1 0 ()iiP0. Ol^m) t^m^'=Pmm 40 
KM:®4 1 1 (MffO. 0 2/im) ii^M^^iD'S^ 4 
1 2 (a»2. 9 7 fim) fclC^*»*xS. — tB2-? 

5 v 4 0 5 ■r-(±^»e%^J)DB*^?>^M^^N^iaS'^ 
®^Ss*^ffit!c*5e- f). ?SI4«4 0 4{PJ)ife)^M^#'J> 
ffi1®4 1 3 immO. 0 2jum) t^n^fpfMM^^^ 
4 14 (JgJPO , 0 4/zm) h^U^^toMU^ 1 5 

(HJPO. 0 4/zm) iitr^A^nSo t^oT> **i*Jl 
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[0 112] 3i5;5^>;/<£ffoT^l<>^^5' K 

s 3 0 3 ^-gpstn^-a-v ^®^aigP±J^t;«=' ^ h 

m'i0 6±K^^nmmM4 2 0StJ'pM«®4 2 1 ^ 
[0 113] ^©ioC. *^Ji^«5©^^i5^'f:^- 
•r'nS^'^<> KJl«!l<t t)*iJW< bT^Jt). pS^*6%l© 
'i>ffi:^©fi^^M©JP^t^S1-?>ii:A^t-§^. ^ti 

t cfc !3 . ffitsc^^ici^; \:,x^m^^'pmM(om^^mm 
mm.-r^ fc ^©isti-® s s iK4Siqi±-r s t ^ w 
[0 114] ^mmnm5cDm9ty^:t--\'m^viM\^ 

XnmmM4 2 0 i:pS®Bg4 2 1 i:©Fa fc:|lS;&[piSEE 
^BIiDbfc»-&x ^^teSEftO. 4 5/iin, ■M'^SMS 0 

mAs i&-f^«ffi4. 5V*s»f>n:to 

[0 115] tj^a. :^^BMiA±mm.mMmizmM^n^ 

^iiS^±iEi:tiM«tS t)©h bfc^#i*;^3te 

[0 116] fiKftffi^COV^-C{±> MOCVDrStCKSfeiX 
-r. MBE (^^Jit:^=^^i^-) LPE 
tr^dri^-) MOMBEiS. ALE (IST^ctt:^ 

mizxy)Mmvrzi^. »jtc#^B©j^s&fT-3-c*)j; 

©^ft?ajK<£rStt«©fiE«jafit^it'^t««J5 0-C~2 0 
0*Cefifi< b-C4)iV^, 

[0 117] $?>t:. ±5EbfeJy.^^®^fe©^^*4l^sfflv^ 

[0 118] 

[%ra©i!»*] W±i¥jiBbfc<t^{c. *^a^tcJ;?,S-& 

®tf:;^^W©JbT«?!lt'ffi©m£©5^. M«^4©lSv^ 
^miiOmm^^*)^:ff^ KJi±<*;©ffiln,&Tt^i.ci:As- 
fil4{£jt1-?.-i:*^T-tS©-CN 
[0 119] *^B^©i»5l<a4K:J:i)JK-&{c(*. ±13^ 

mm^'pm.Mi^^^'^ifiit.^'t^o^mr^^x-. m^<Dm 

[0 12 0] !Hftc. :*:^ia®iS*S5fc<t5i®^C{±. 
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[0 12 1] *^H^ffliS*^6J&V«*S7{cJ:i.:®^ 

jai^WJl-sc: tA^T-tSo 10 
[0 12 2] *#6W®fi5lcJS8{Cj;S:®^{ctt. ±iB^ 

iDfi^fc 4o T^i^© ^'r ■\' T?iJK® 1 / 5 t -r 

[0 12 3] *^W«Z>it«S9fc:iSi©^{c«±. ±13^ 
Mt)#i!>'^J^Oil»^^* 3 ninW± 1 0 nmSlTFiz-r^ Z. 

[0 12 4] *^W©ft«:ai OKJ^SS-^fcH:. ±13 20 

[0125] *^B^®»5R« 1 1 J;S®-&{C{±. ±fB 

jtf'f K«{cl9;ft*:4)©©JP»!*'J:?)4)JP<1-S^i:lcJ; 

[0126] *^qa©ii5R« 1 2 ±fa 30 

^nmtprSnm.^n(Dm^^ 3 nmJBl± 1 0 nmWTfC 

[0 12 7] *^H^©if sRJa 1 3{Cj;5J©-&Ctt. ±§3 
=T^I*i^?S*D®^©fS»J??*i «©?^J0«H J: t) 

CIOJ©^^ ^»fi^*'i>^^©iP5^&^<aS^1-S^ 

[0 12 8] *^flg®ill:a^«l 4k:J:5^^JcH:. 
'^?^i)0«^©5gffiiJ^tl<&^*iE^^&'J>^i^®^ftiJ^*ii •? 
*)'h$<-r5c:i:{c<t?)s TSsifiife^ADM^® A liS^Jt 
*«t»)-B'jN$<-ri)Cii:*5T-#?>®T\ ^^©{1^14 
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[0129] *^B^®lf*S 1 5 J:S«-&{ctt. ItJc 
^i^lfi%^!£mtf®c:♦)^V^AlGa I nP^^feJi^Xttl n 
G a NI^*^4s^^ci5V^T *)^«i6i^®i£lcS:B5V>-r-^?®M 

[0 13 0] *fgB^®if*«l 6{cJ:SS-&ttt. jgg 

^^mi^'^mw,^^x^w^^'mm&mM.^w^mt^<D 
nmt^ mmiis. < ® ^^sm r o -ir ^ x<m-t set 
\,M^mi^^^m^^iSi^:^hxmm-t^:itifi-s!mti3i 

[0 13 1] ^^BMCDm^mi 7{cJ;SJ@^{c{i. ±13 

nm^i}-( KSJI5^a5tcl9;Jtfe*)®®J?a5»«k>)4)JP<t- 

^M!^*'J>fflJ^®ff«^(^^SfJ®^4J:<mS 
®JPo^(L{c-r5Cl4:ASfgS. <to■C^ «^l9:ttlcM1-S 
«iJtBH4S|Sl±$-a-C^ e>{C^® t) SlSl±S-B-5 c: fcASf 

[Eiao®#'5:ittB^] 

[01] mii&mmi<o^m<^i'-ifm'p(Dmm^m-rm 

[0 2] ||ffiji^^l©*ag#;v— t^•^?{c4^^tSrS^4Ji 

i£ei®>'N'> H<j^-<-^i^7Ai:dp^i;-\'me®^^s^-r 

[03] |IS(E?KSgl©*3*i*:V-1f^^^K:*3ft5^2^fc 

® n^Srs^-r <^ V 7 T- S 2> o 

[04] l?2i6Jf$^l®*«i*:^-1f^^fC:}3(ti.^l3l6 

[05] ^Jg,^ 2 ©^^ U— tf ©^fi£^fe?^-r»f 
ffl0T-fe5. 

[0 6] |ISSJi^^2©*zi^l/— tf|fl?tC43{t2.SteJS 

ffifil®/^ K<5^'f-\'</^A^^s-r0T'fe2.o 
[0 7] ^JiiJI5-«3©*^i*;V— »f«^^l;:J3»:)-5tS1£Ji 

[081 mmMm3(Difk<D^mt^u-v'm^vzinf^fs 
[0 9 ] mm.m-m 4 ®^^fc<5^-f 21— Ym^o^mm^^^-r 

[010] MJiSB^ 5 <D^i^y-( :ir- KSg^®«^&^ 
[011] t«3l5®^#<*:U-1f^^{Cj3»t2.Sttei£^ 
[W^OUiBJ] 

101. 201.301. 401 S« 

1 0 2, 2 0 2. 3 0 2. 40 2 /^^y^r® 

1 0 3. 2 0 3. 3 0 3. 40 3 Sl^'^^^KJi 



21 

1 0 4. 2 0 4 mi^iJ^ 

105. 205. 304. 4 04 
2 0 6 m2^i}-i\'m 
20 7. 30 5. 405 



1 0 6. 
10 7. 
10 8 
1 0 9 
110. 2 0 8 
i 1 1. 2 1 0 
112 
113 



(12) #585^1 1 -2 7 4 6 44 
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15 0. 21 2. 32 1. 421 pS*® 

1 5 1. 2 1 1. 3 2 0. 4 2 0 Ti.mMM. 

1 2 0. 2 2 0 

12 1. 2 2 1 ytUifJi 

1 3 0. 1 4 0. 2 3 0. 2 4 0. 2 5 0. 2 6 0. 3 

12. 412. 415 ^w^mh^mM 

131. 141. 231. 241. 251. 261. 3 
- r It- 4-T 1 . 4-1 4 MSJKWM 
1 3 2. 1 4 2. 2 3 2. 2 4 2. 2 5 2. 2 6 2. 3 
10 10. 4 10. AlZ^tmi^'PW^ 
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